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(54)Tttle: MANUFACTTURE OF ARTICLES THAT INCLUDE THERMOSETTING POWDER COATINGS 

(57) Abstract 

In manufacture of a glass 
architectural panel (Fig 1) and alu- 
minium foil (4) is bonded to a 
glass sheet (1) via a layer (2) of 
thennosetting polyester powder 
coadng materiaL The powder is 
deposited (12) on the foil as the 
foil unrolls (11) and is melted (13) 
to provide a lUsed layer (2) which 
is then cooled (14) to solidify the 
layer and arrest progress of curing. 
The solidified layer is sprayed (15) 
with a siiane adhesion promoter, 
before bdng heated momentarily 
to enable the foil with its adhering 
and solidified, by uncured, layer, 
to be rolled up for storage (16). 
The rolled foil is transferred near- 
er (17) to a float-glass production 
line (18), where, after bdng heated 
to allow it to be unrolled, it is fed 
onto a hot glass sheet (I) emerE^ng 
from the line (18). The f^sed layer 
melts as it is brought down with the backing foil to contact the glass sheet (1) and fulfil the cure of the powder material so as to 
establish the bond* Instead of a single foil, several may be provided overlapping one another (Fig 3). Decorative effects can be 
obtained using different pigmentations of powder and partial metalization of the glass (Fig 4). The technique of intemipting the 
cure is applicable to provision of a glass window (Fig 5) and a glass laminate (Hg 6).- 
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Manufac-tuare of Articles "that: Include 
Thenno3et:i:lnQ Powder Coatrinqs 

5 

This invention relates to methods of manufacturing an 
article, of the kind in which thermosetting organic 
powder-coating material is melted to fuse it into a 
layer, and a bond Is made between the layer and a 
10 component that is to form part of the manufactured 

article by establishing contact between the layer and 
said component while the layer is in a melted condition 
and until the material is cured* 



15 Methods of manufacture of this above-specified kind are 
described in UK Patent Specification No 2,207,089. In 
particular, there Is described a method for 
establishing a bond between a surface of a glass sheet 
to which a thermosetting organic powder has been 

20 applied, and a metal foil that is to back the glass 

sheet in a manufactured architectural panel. Contact 
is established between the foil and the powder while 
the powder is in a melted condition on the glass prior 
to curing, and is maintained during curing of the 

25 powder so that a bond is formed between the foil and 
the glass sheet via the cured powder material. 

The present invention represents a development from the 
invention described in UK Patent Specification No 
30 2,207,089- In this regard, it is an object of the 

present invention to provide a method of manufacturing 
an article, of said above- specified kind, that 
facilitates making the bond. 

35 According to the present invention there is provided a 
method of manufacturing an article, of said above- 
specified kind, wherein following the step of melting 
the powder material to fuse it into the layer and 
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before the step of establishing contact between the 
layer and said component, the temperature of the layer 
is reduced so as to retard curing of the layer between 
those two steps. 

5 

The reduction of temperature of the layer may be 
sufficient to harden the fused material. Heat to melt 
the hardened layer for making the bond with said 
component may be applied before or after contact is 
10 established with said component* 



According to a feature of the present invention, a 
method of manufacturing an article comprises the steps 
of forming a substantially solidified layer of fused, 

15 but uncured, thermosetting organic powder-coating 

material on a backing, and establishing contact between 
the backed layer and a component that is to form part 
of the manufactured article, heat being applied to the 
layer to melt it and fulfil curing of the powder 

20 material while the melted layer is in contact with said 
component so that a bond is formed between the powder 
material and said component. 

At least part of the heat required to melt the layer 
25 and cure it, may be derived from heat of said component 
itself. 

The step according to the present invention of forming 
the layer of fused, but uncured, powder- coating 

30 material, may be carried out remotely from the step of 
establishing contact with said component and making the 
bond between the cured powder material and said 
component. This is of especial advantage In 
circumstances in which deposition of powder cannot be 

35 readily or desirably carried out where the ultimate 
bond is to be made, because, for example, the 
facilities are Inadequate or cleanliness is recjuired. 
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The method according to the present invention, like 
that of the invention described in UK Patent 
Specification No 2,207,089, has application for bonding 
together items of varying materials, typically: of a 
5 metal or plastics item to a metal item; of a metal foil 
or other item to a glass sheet; and of glass items to 
one another, as for example in forming a glass 
laminate. Furthermore, the invention is of advantage 
more especially in the provision of glass cladding and 

10 other glazing for both exterior and interior 

architectural purposes. In this latter respect, the 
fused layer of powder material can be brought to the 
glass for the bond to be established, without the 
necessity for the powder to be deposited on the glass; 

15 this enables the coating to be bonded to glazing at the 
place of installation or even when already installed. 
More especially, it enables the bonding to take place 
where the glass is manufactured and the presence of 
loose powder is undesirable or not acceptable. 

20 

The invention recognises that it is possible to 
interrupt or retard the process by which powder-coating 
material effects a bond in the methods described in UK 
Patent Specification No 2,207,089, and then to re-start 

25 or revive the process to fulfil the CToring and effect 
the bond, at a later stage and/or elsewhere. This 
ability to interrupt the process makes it possible to 
fuse the powder and allow it to form a substantially 
solidified, but unciired, layer, and then to re-start 

30 the process by which the powder is melted and contact 

between the melt and the component to which the bond is 
to be made, is maintained while the curing is fulfilled 
to establish the bond. 

35 A plurality of separate elements each comprising a 

substantially solidified layer of fused, but uncured, 
thermosetting organic powder-coating material carried 
by a backing, may be formed in the method of the 
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Invention* These elements may be applied to said 
component in overlapping or other relationship, to bond 
them to it within different regions of the component, 
bonding of each element being effected by applying heat 
5 to the powder- coating layer of that element to melt it 
and fulfil curding of the powder material while in 
contact with said component. The powder materials used 
for different ones of the elements may differ in 
pigmentation; this feature may be utilised for 
10 providing a decorative effect* 

As another aspect of the invention there is provided, 
in essence as an inteinnediate product of the above- 
described manufacturing methods of the invention, an 

15 element in which a substantially solidified layer of 

fused thermosetting organic . powder-coating material is 
carried on a metal-foil or other backing, wherein the 
powder-coating material is incompletely cured. Such an 
element may be readily used to establish a bond between 

20 the powder material and a component simply by applying 
heat to the layer to melt it and fulfil curing of the 
powder material while it is in contact with the 
component. 

25 Manufacturing methods in accordance with the present 
invention, will now be described, by way of example, 
with reference to the accompanying drawings, in which: 

Figxire 1 is a perspective view of part of an 
30 architectxiral panel manufactured by a method 

according to the present invention; 

Figure 2 is a schematic representation of part of a 
production line for manufacturing the architectural 
35 panel of Figure 1; 

Figures 3 and 4 illustrate modifications of the panel 
of Figure 1; and 
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Flgiires 5 and 6 are sectional side-views of fixartlier 
articles manuf actxire by methods In accordance with 
the present Invention • 

5 

The archltectiiral panel to be described with reference 
to Flgiire 1, Is of a form suitable for use in providing 
glass cladding to exterior or interior walls of 
buildings. For this application, the panel is 
10 rectangular with glass-face dimensions of some 3 x 1.2 
metres, and an overall thickness of some 28 
millimetres; clearly panels of larger or smaller 
dimensions can be provided. 

15 Referring to Figure 1, the panel is faced by a sheet 1 
of clear, annealed glass haying a thickness of 4 
millimetres. The glass sheet 1 is backed by a cured 
polyester powder-coating 2 bonded to the sheet 1 via an 
interlayer 3 of sllane adhesion-promoter. The 

20 Interlayer 3 is very thin (perhaps only one molecule 

thick), and the coating 2, which has a thickness In the 
range from 60 to 120 microns, contains a pigment to 
show colour In the glass facing and give the visual 
effect of coloured glass to the cladding panel. 

25 

The coating 2 has a backing of aluminium foil 4 that is 
bonded to the sheet 1 via the coating 2. The foil 4 
has a thickness of 0.07 millimetre, and being of good 
thermal conductivity, serves to equalize temperatiire 

30 variations across the panel. The function of the foil 
4 in this latter regard Is Important in the context of 
the use of annealed glass, which is less resistant to 
temperature gradients than toughened glass, especially 
in exterior applications where part of the panel may be 

35 in sxinllght and part in shadow. However, the foil 4 
also has a protective fxinction in relation to the 
general porosity of the coating 2, the foil 4 in this 
regard protecting the coating 2 against degradation 
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from moisture and wea-thering generally; the nattire of 
the Intimate bond obtained according to the Invention, 
between the coating 2 and the foil 4, without the need 
for introduction of an adhesive interlayer between 
5 them, is especially advantageous. 

Even to the limited extent that the panel of Figure 1 
has so far been described, it is capable of being used 
for cladding purposes, whether in the form of large 

10 sheets as described, or smaller tiles. In particular, 
the use of annealed glass enables the panel to be 
readily cut to size on site, but the usefulness of the 
panel, in particular its capability of resisting impact 
and thermal shock, is greatly enhanced by the addition, 

15 as illustrated in Figure 1, of an element 5 of flexible 
and compressible open-celled foamed plastics or rubber 
material, bonded to the back of the al\imlnium foil 4. 
The element 5 is in the form of a layer of some 3 
millimetres in thickness, and has both faces covered by 

20 layers 6 and 7 of finely-woven or knitted nylon mesh 
that has been flame-welded to the layer 5; the mesh 
serves to stabilize the layer during its bonding into 
the panel. A rigid board 8 of foamed pol3nirethane 
and/or polyisocyanurate or phenolic resin, faced with 

25 sheets 9 and 10 of aluminized paper or glass fibre, is 
bonded to the element 5 via the facing layer 7, to add 
rigidity and further damage-protection to the panel 
without detracting from the ease of cutting and fitting 
on site. 

30 

The foil 4 has a significant effect in ec[ualizlng 
temperature variations across the panel, as well as 
providdLng protection for the coating 2. Incorporation 
of the open-cell element 5 into the panel to back the 
35 foil 4, not only significantly enhances the resistance 
of the glass to impact, but also adds ftarther to its 
ability to withstand temperature differential between 
adjacent areas of the glass. The open-cell structure 
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tends to promote the dispersion of heat across the 
glass, and thereby tends to reduce temperature 
gradients, by retarding movement of hot gas away from 
the foil 4 and enhancement of Its movement across the 
5 back of the panel. 

Tests with annealed glass have Indicated that the 
capacity of the glass to withstand temperatxire 
differential was Increased by some 80 to 90 degrees 

10 Celsius when provided with the coating 2 and Its foil 4 
backed by the element 5. Furthermore, such tests have 
shown that as well as greatly Increasing Impact 
resistance of the glass, the construction reduces 
significantly the extent of splintering when the glass 

15 does eventually break. 

The method of manufacturing the panel will now be 
described with reference to Figure 2, which Illustrates 
part of a production line for manufacturing panels of 

20 the form shown in Figure 1, in a continuous process. 
The manufacturing process will be described, and the 
production line is illustrated in Figure 2, only up to 
the stage at which the glass sheet 1 has been provided 
with the cured coating 2 and its aluminium foil- 

25 backing. The addition of the layer-element 5 and board 
8, where desired, can be carried out in essentially the 
same manner as the provision of like layers and boards 
for mirrors, described in UK Patent Specification No 
2,048,166, and will not be described here. 

30 

The method to be described with reference to Figure 2 
takes place in conjunction with production of the sheet 
1 of annealed glass by a float-glass process, and the 
powder-coating 2 and aluminium foil 4 are applied as 
35 one to the glass sheet 1 as it emerges hot from that 
process. (If toughened or he at- strengthened, rather 
than annealed, glass were required, then the process 
would be carried out instead as the glass emerges from 
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the toughening or heat-strengthening process.) 
initial Cleaning and heating of the glass is 
accordingly required, and the handling and deposition 
of the loose powder takes place away from the vicinity 
of glass production in a preliminary part of the 
method. This preliminary part of the method involves a 
roll of aluminium foil that has been pre-treated by the 
rinse method with a mixed aluminium phosphate and 
chromium III phosphate primer; it is from this roll 
that the foil 4 is subsequently cut. 

Referiring to Figure 2, the roll of aluminium foil is 
progressively unrolled at a station 11 to pass as a 
horizontal (or vertical) web into a station 12. The 
station 12 includes provision for electrostatic or 
tribostatic deposition of polyester powder- coating 
material on the upper surf ace of the foil web. The 
powder, which is the milled product of extruding a 
melted mixture of a polyester resin, cross-linking 
agents and pigments, is deposited on the foil evenly 
and to a depth within the range 60 to 120 microns, by 
regulating the uniformity and speed of progress of the 
foil through the station 12. As the foil leaves the 
station 12, its lower face is brush- and vacuum-cleaned 
to ensure that none of the powder remains on this face. 

The foil now moves into a melt station 13 where Infra- 
red heaters maintain a temperature of some 200 degrees 
Celsius, so as to melt the powder. The heat is applied 
uniformly across the whole body of powder for a period 
of time within the range of about one-and-a-half to six 
minutes, before the foil moves out of the station 13 
into a cooling station 14. The powder at this stage 
has melted to become a continuous film coating on the 
foil, but the period for which the foil remains within 
station 13 is insufficient to cure the powder, and the 
cooling within station 14 brings the process of cross- 
polymerisation that has begun, to an effective halt. 
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The cooling causes the consolidated-powder coating to 
solldl£y and adhere to the foil. 



The cooled, solidified coating Is carried by the foil 
5 Into a spray station 15. In the station 15, the upper 
surface of the coating Is sprayed with a fine mist of a 
solution of sllane In a blend of Isopropanol and 
distilled water* As the foil moves from the station 
15, warm air Is directed at the coating to leave It 
10 covered with a thin layer of sllane that becomes the 
Interlayer 3 In the finished panel. 

The foil Is supported and kept from flexing following 
cooling In station 14 and through station 15, since 

15 flexing would be likely to cause the uncured powder to 
crack away from the foil* However, after station 15, 
the coating-carrying foil moves Into station 16 where 
It Is heated momentarily by Infra-red heaters' to a 
temperature within the range 100 to 180 degrees Celsius 

20 (say to 104 degrees Celsius), and rolled up on a 

storage reel. The heating causes the coating to become 
plastic or pliable so as to adapt to the rolling up of 
the foil on the reel, without breaking away. 

25 The storage reel holding the foil with Its adhering 

uncured, sllane-coated powder-coating, may be brought 
Into use directly from the preliminary part of the 
method, or may be retained In a cooled state until 
required* Xn either case, the storage reel Is 

30 transferred to a station 17 near the location of the 
float-glass production line 18 for application of the 
foil and coating from Its roll to the hot glass sheet 1 
as It emerges from the line 18 (possibly after passage 
through a quality- control station). In this latter 

35 respect the roll Is heated within the station 17 to a 
temperature of 100 degrees Celsius, to ensure that the 
coating Is pliable and iinrolls with the foil without 
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breakJLng away, as the foil ±s dispensed onto the glass 
sheet 1. 

The glass sheet 1 leaves the float tank of the line 18 
5 at a temperature in excess of 600 degrees Celsius and 
is cooled to emerge from the line 18 and enter a foil- 
application station 19 at a temperature of 230 degrees 
Celsius* The foil is dispensed from station 17 onto 
the glass sheet 1 with the silane-covered face of the 

10 uncxired powder-coating downwards onto the uppermost 
surface of the glass sheet 1, Heat from the glass 
transfers to the coating and foil, raising the 
temperature of the powder coating to some 220 degrees 
Celsius. This re-melts the fused powder and carries 

15 the curing process through to fulfilment • 

The leading edge of the foil is brought down onto the 
leading edge of the sheet 1, and is then carried 
forward with it under a roller 20. The roller 20 

20 maintains downward pressure as the foil is fed at an 

angle to bring the silane-covered melt-surface onto the 
glass sheet 1; the angled feed ensures that air which 
would otherwise be entrapped on the glass, is squeezed 
out. When the whole of the glass is covered, a flying 

25 knife 21 cuts the foil at the trailing edge. This 

divides off from the storage reel, the element of foil 
and powder- coating, namely the foil 4 and powder- 
coating 2, that now lie in full s\irface contact with 
the glass sheet 1. 

30 

The sheet 1 with the powder-coating 2 backed by the 
foil 4 now moves out of the station 19 into a cooling 
station 22, and thence to an unloading station 23 for 
subsequent attachment of the backing element and board 
35 8, where required. 

The sheet 1 remains in the station 19 (at a temperature 
in excess of 200 degrees Celsius) with the powder- 
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coating and foil pressed down onto It, for enough time 
to allow completion of the ciurlng process In the 
powder. Curding establishes a bond between the sheet 1 
and the powder -co a ting 2 (assisted by the adhesion 
5 promotion of the sllane Interlayer 3), and between the 
powder- coating 2 and the foil 4, The cured powder- 
coating 2 provides not only good colouration (according 
to the particular pigmentation used In the powder) for 
the visual effect In the glass, but also a strong 

10 bonding between the glass and the foil 4. Moreover, 
the manufacturing method described, results In a 
product which Is free from air bubbles and ripples 
between the glass and coating, and between the coating 
and foil 4, and for which the colour-view In the glass 

15 Is uniform and without blemish, across the full area of 
the front face of the panel. Reduction In the 
possibility of air or other gas bubbles affecting the 
coating can be achieved If the melting and curing 
stages of the method are carried out In a reduced- 

20 pressure or partial -vacuum atmosphere. 

In the manuf actxirlng method described above, the 
process of curing the fused layer of powder-coating 
material required to form the strong Interbond between 

25 glass and foil, begins within the melt station 13, 
That process Is arrested with the reduction of 
temperature within the cooling station 14, and apart 
from the transitory boost during the momentary heating 
at the re-rolling station 15, is not revived until the 

30 foil is unrolled at station 17 and brought onto the hot 
glass in the foil-application station 19 for fulfilment 
of the cure* 

It has been found that the f used-powder layer remains 
35 plastic or pliable, and adherent to its foil backing, 
dtiring handling, in particular rolling and un-rolllng^ 
if it is at a temperature of some 70 to 80 degrees 
Celsius or more. However, if there is to be any 
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significant Interval between rolling and unrolling, the 
foil must be cooled below this so as to bring the 
process as close as possible to a halt until the foil 
is unrolled onto the glass- When cooled, there is a 
5 tendency for the fused, but only partially cured, 
powcaer -to f laKe off and break away from its foil 
backing, unless it has been cured to some 80%. The 
tendency to flake and break-away is smaller the higher 
the percentage cure up to 80%. 

10 

As a general matter, it has been found desirable for 
the cure of the fused powder to be at least 20% before 
the foil is re-rolled in station 16 and otherwise 
handled in the intermediate state between stations 16 

15 and 17. Provided the temperature is raised to some 70 
to 80 degrees Celsius to make the fused powder plastic 
or pliable before it is handled, flaking and breakdLng 
away can be avoided. However, since the curing process 
progresses with time, and the rate of curing increases 

20 with temperature, the potential shelf life of the 

partially-cured powder in the intermediate state, is 
dependent on the temperature at which it is held while 
rolled or otherwise stored, and is longer the lower the 
percentage cure at which the stored, intermediate state 

25 begins. From a practical standpoint therefore, a 

balance must be struck between having the percentage 
cure in the intermediate state as high (in particular, 
up to 80%) as possible consistent with the shelf -life 
required, and ensxiring that it is not so high that the 

30 cure Is completed prematurely, in particular under the 
temperature -time conditions of the application of the 
foil-backed powder- coating to the glass in station 19. 

The particular powder-coating material preferred for 
35 \xse in the contest of the panel described above, is a 
polyester resin containing a catalyst agent with a 
triglycidyl isocyanurate curing agent; the powders sold 
as PPL858G and PPH857G under the trade mark DURAPLAST 
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by Holden Surface Coatings Ltd. of Birmingham, England, 
are appropriate in this respect. Such powders provide 
structures that not only have good bonding, but have 
also been found to be markedly resistant to the effects 
5 of humidity and of salt, sulphur dioxide and other 
pollutants in the atmosphere, and to sunlight. 



Although the polyester /trlglycidyl-isocyanurate powders 
have been found advantageous in the above context, 
10 other polyester powders, and epoxy-, acrylic- and 
polyurethane- based powders, may be applicable in 
appropriate circumstances. Powders combining a 
polyester resin with an epoxy curing agent have, in 
particular, been found to provide acceptable results. 

15 

The use of an adhesion promoter between the powder- 
coating and the glass is desirable to facilitate a good 
bond; as indicated above, a silane has been used for 
this purpose. More especially, it has been found that 

20 an organosilane ester facilitates good bonding when 

applied in a solution containing 3 per cent by volume 
of the silane in a blend of isopropanol and distilled 
water for which the ratio of Isopropanol to water is 
4:1 by volxime. Gamma-mercaptopropyltrimethoxysilane 

25 has been found especially effective when used in this 
way; the product sold under the Trade Mark UNION 
CARBIDE as Or gano functional Silane A-189 by Union 
Carbide Corporation is appropriate in this respect. As 
an alternative, gamma-aminopropyltriethoxysilane may be 

30 used. 



The foil 4 used to back the powder coating is 
preferably an aluminium-alloy foil of hard temper. The 
use of a hard temper facilitates easy and clean cutting 
35 of the panel, but a low yield strength is desirable in 
order to reduce tendency for the glass to become bowed. 
As the foil 4 contracts with cooling it tends to draw 
the glass with it, and unless the force is absorbed by 
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yield of the foil 4, the glass may be pulled out of 
flatness; a suitable hax-dness is 99/52. 

Where the width of the glass sheet 1 is greater than 
5 the width of available foil, then two or more lengths 
of foil may be laid down on the sheet 1 to make up the 
full width. This is illustrated in Figure 3, 

Referring to Figure 3, separate lengths or elements 24 
10 of foil, with their attached f used-powder coatings 2, 
are drawn from the same storage reel or from different 
reels, and are laid down on the glass sheet 1 to 
overlap one another along their lengths; width of 
overlap may be, for example, 10 millimetre. As the 
15 powder-coatings 2 of the foil elements 24 are cured to 
bond to the sheet 1, bonding, also takes place where 
they overlap one another. 

The technique of using separate lengths of foil 

20 described above, may be extended to the provision of 

decorative effect in the glass. More particularly, the 
different elements of foil used may carry fused powder- 
coatings of different pigmentation so as to create a 
striped effect in the glass; the dif f erently-pigmented 

25 stripes may be of equal or differing widths. Moreover, 
the technique is not confined to division of the glass- 
area across its width, but may be applied to the 
production of stripe effects running wldthwise, 
diagonally or otherwise. Furthermore, a decorative 

30 effect using principles akin to those of appliqu6, may 
be obtained by laying down in overlapping or abutting 
relationship across the glass sxirface, various and 
variously-shaped elements of foil carrying sultably- 
pigmented powder. One or more areas of the glass may 

35 be left uncovered where a clear effect is required. 

The foil with its fused powder-coating, produced in the 
prelim in ary part of the method described above, may be 
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per£ora1:ed to a desired pattern ±n a step Intermediate 
the heating and rolling carried out in station 16 of 
Fig\ire 2. As an alternative, perforation may be 
carried out subsequent to station 16, the foil being 
5 unwound for this purpose from the storage reel after 
the roll has been heated to make the coating pliable, 
and then re-wound while still heated, after perforation 
has been carried out. In either case, the laying down 
of the coated and perforated foil on the glass in 

10 station 19 will leave one or more areas of the glass 
uncovered; these can be left uncovered, or covered or 
otherwise filled-in by other coated elements of foil. 
Furthermore, strips of coated foil in the form of 
precut tape elements, may be laid down spaced apart 

15 from one another across the glass-surface in station 
19, so as to create Venetian glass* 

The addition of tape elements of this nature and of 
alternative decorative and other powder*coated elements 

20 to the glass, may be carried out in the one operation 
at station 19, or may be carried out partly there and 
partly subsequent to unloading at station 24. Indeed, 
the application of all such elements to the glass may 
be carried out entirely separately from production of 

25 the glass, and may be effected even on glass already 

installed. More particularly, strips or other elements 
of foil carrying fused, but imcured, powder-coatings 
may be applied to the glass Just prior to its 
installation or even when installed; hot-air blowing 

30 equipment may be used to provide the heat necessary to 
melt the powder and complete its curing in contact with 
the glass. Such method is particularly suited to 
circumstances where glass doors and windows in public 
places are to be marked with warning signs and/or 

35 lines, logos and other decorative items. 

With the method described above in which a layer of 
fused, but uncured, powder is formed on a foil backing 
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and Is bonded to a glass surface by melting the powder 
and fulfilling its cure in contact with the surface, 
the foil remains bonded to the cured powder and thus to 
the glass. The preliminary method of preparation of 
5 the foil backing with its layer of fused, but tincured, 
powder may, however, be modified to allow for removal 
of the foil once application to the glass has been 
made. This may be desirable especially where both 
sides of the glass are to be visible, and where, for 

10 example, a coloured decorative effect of lines or logo, 
is to be presented. To this end, the preparation of 
the foil includes the introduction of a layer of 
release agent on the surface of the foil before it 
receives the powder (for example, prior to reaching 

15 station 12 of Figure 2); such a release agent may be 

heat- or temperature- sensitive so as to hold the fused 
powder-coating fast until a heat or temperature 
threshold is exceeded. The foil with its layer of 
powder-coating then functions in the manner of a 

20 transfer for application to the glass surface, transfer 
of the powder coating into a cured, firm bond with the 
surface, and stripping away of the foil backing, taking 
place with the application of heat, for example by 
means of a hot-air blower, to the foil and glass. 

25 

It may, however, be possible to strip the foil from the 
powder while the powder is melted, prior to completion 
of its cure, without the need for a release agent on 
the foil. 

30 

Variation of colour within a single body of powder- 
coating may be achieved by means of polychromated inks 
that are diffused into the body of powder while the 
powder is in its fused, uncured state; inks sold iinder 
35 the trade mark AIiKATEX by Coates Brothers Inks Limited 
of St Mary Cray, England, are appropriate in this 
respect. In particular, such inks can be used to 
create multi-colour desigzis on paper for transfer to 
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i:he body of uncured powder on the foil backing. The 
iiransfer of the Ink design to the powder Is carried out 
under heat created by Infra-red or other heaters that 
cause the Ink to boll and fuse into the powder layer 
5 and reproduce the design In the powder (at least in the 
free surface). The application of the powder layer to 
the glass to be cured and bonded firmly to it, 
sandwiches the design to the back surface of the glass 
for viewing from the front. Care is required in the 
10 application of the design-bearing layer to the glass to 
avoid smudging. 



Alternatively, or In addition, different pigmentations 
may be achieved in different areas of a single body of 

15 fused powder-coating, simply by depositing the 
dlf f erently-pigmented powders on the foil where 
recjuired (for example, within station 12 of the 
production line Illustrated in Figure 2). Stencils may 
be used for achieving the required delineation of the 

20 different powders* There is in general minimal 

diffusion of pigmentation across the interface between 
powders during the melt and curing phases, and so the 
colour pattern is retained in the fused, but not cured, 
powder on the foil, and then again in the final product 

25 after the powder on the foil carrier has been applied 
to the glass and heated to melt the powder and fulfil 
the curing. 



Colour and other decorative effect in the glass need 
30 not be dependent wholly or partially on pigmentation or 
other colouring of the powder coating. In particular, 
pigment may be omitted or so reduced from the coating 
powder in the panel of Figure 1, that the coating 2 is 
transparent (clear or tinted) and exposes the foil 4 to 
35 view from the front of the glass sheet 1. Thus coloxir 
and/or other decorative effect in the glass is realised 
in this case mainly, and possibly totally, by what is 
visible on the bonded surface of the foil 4. This 
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surface may be readily coloured and/or otherwise 
decorated, such step being taken prior to deposition of 
the powder at, for example, station 12 of the 
production line of Figure 2- Where the bonded surface 
5 is polished, a mirror effect is achieved, and any 

colour of that surface is then incorporated into the 
mirror together with any tinting there may be in the 
coating 2« 

10 Reflectivity in the glass, whether using coloured or 

pigment-free powder, may be achieved by including small 
glass spheres or microspheres in the powder. The 
effect can be enhanced by metallising the spheres 
partially. 

15 

A combined mirror and colour, effect can be achieved by 
sputtering or otherwise depositing a thin layer of 
metal on part or parts of the back surface of the glass 
prior to applying the foil with its fused powder- 

20 coating. The metallized part or parts give a mirror 
effect with the pigmentation of the cured powder- 
coating showing in the glass elsewhere. This 
techniques may be applied, for example, to the 
provision of distinctive lettering or other symbology 

25 in the glass, as will now be described with reference 
to Figure 4 which illustrates the letter T as this is 
both delineated on part of the back surface of the 
glass and is visible in the glass from the front. 

30 Referring to Figure 4, metal is sputtered on the back 
surface of the glass throughout a region 25 which 
surrounds an area 26 that is free of metallization and 
delineates the letter T; alternatively, the metal may 
be sputtered onto the glass throughout the area 26 

35 leaving the region 25 clear. In the first case, the 

view from the front of the panel will show the letter T 
in colour against a mirror background, where the 
powder-coating on the back surface shows through the 
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area 26, whereas In the second case, the letter T will 
appear in mirror form against the colour background of 
the region 25. 



5 It is possible to produce designs on the back surface 
of the glass using silk-screen printing; the inks sold 
under the trade marks SILCHROME and TOUCAN by Coates 
Brothers Inks Limited, are suitable for this purpose. 

10 The method of the present invention may be applied as 

illustrated in Figures 5 and 6, to the bonding of glass 
over an aperture in a metal wall, and to the formation 
of a glass laminate, respectively* 

15 Referring to Figure 5, a glass sheet 36 is located over 
an aperture 37 in a metal wall 38, the sheet being 
bonded to the wall 38 by cured powder*-coating material 
39; the coating 39 is shown confined to the margin of 
the aperture 37, but clearly it could extend across the 

20 whole of the wall face* In manufacture of this 
article, the contacting face of the sheet 36 is 
initially provided with a coat 40 of a silane adhesion- 
promoter, and an epo^ or other coating powder is 
applied aroxand (at least) the margin of the aperture 37 

25 of the wall 38* The powder is now heated to fuse it 

into a unified mass adhering to the metal wall, but not 
sufficiently to cure it* Once the powder-coating has 
cooled, the glass sheet 36 can be placed face down over 
the apertxire 37 and adjusted in position to achieve a 

30 desired, accurate location. With the silane-coated 

areas of the sheet 36 pressed into surface contact with 
the hardened powder-coat dLng around the aperture margin, 
the whole is heated to melt the powder agadLn. The 
sheet 36 is retained firmly in place in the melt while 

35 heating continues izntil curing of the powder is 

fulfilled to form the coating 39 bonding the glass 
sheet 36 to the wall 38, over the aperture 37. 
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In the example of Figure 6, two glass sheets 41 and 42, 
which have coats 43 and 44 respectively, of a silane 
adhesion promoter, are bonded together as a laminate by 
means of a polyester or other powder coating 45. Such 
5 a laminate Is applicable, for example, where colour but 
opacity, or at least translucency, is required with 
glass facing on both sides of the laminate. 
Manufacture is carried out by first depositing powder 
on the silane-prepared face of each sheet 41 and 42, 

10 meltdLng the powder, and then allowing it to cool as a 
single fused body on that sheet; powders of different 
pigmentations may be deposited on the two sheets 41 and 
42. The two sheets are now brought together with their 
fused powder-coatings pressed against one another, and 

15 heat is applied to cause both bodies of powder to melt 
and merge with one another and then cure to form the 
\inified coating 45 bonding the two sheets 41 and 42 
together. The likelihood of entrapping gas in the 
laminate can be reduced, by carrying out the 

20 manufacturing steps within a reduced-pressure 
atmosphere • 

Laminated glass may be manufactured in an alternative 
way using a foil that is prepared with fused powder- 

25 coating layers on both sides. The two glass sheets 

(appropriately silane coated) are brought into contact 
with the layers on the two sides of the foil, and heat 
is applied to melt the powder layers and fulfil their 
curing while contact with the glass is maintained on 

30 both sides. In this method the foil backing is 

sandwiched between the glass sheets and bonded firmly 
to both by the cured powder- coatings. The backing can 
in this way strengthen the laminate and improve its 
impact resistance, and the choice of the backing, both 

35 as regards its material and structure, can be made in 
order to meet safety or other security requirements. 
For example, instead of using an aluminium foil, a 
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sheet of "thin steel or even a mesh of wires (e«g. 
Georgian wire), can be used. 



The thermosetting organic powder-coating materials that 
5 are suitable for use In the various embodiments of the 
Invention described above. Include polyester, epoxy-, 
acrylic- and polyurethane-based powders. Such powders 
may Include, as well as pigments where appropriate, 
extenders In the form of mineral fillers, and flow 
10 modifiers. 

The use of polyester/trlglycldyl-lsooyanurate powders 
has been described In the context of the embodiment of 
Figure 1, but as an alternative, a polyester resin with 

15 an epoxy curing agent may be used. The catalyst 

Included may be typically chpllne chloride, stannous 
octoate, or tetrabutylammonlumbromlde to a level 
typically from 0 to 0.2 per cent. Furthermore, an 
epoxy resin with a dlcyandlamlde curing agent may be 

20 used. All such powders may find application In the 
other embodiments described. 



Although the method described with reference to Figure 
2 Is set In the context of glass production with the 

25 glass sheet leaving the line 18 hot to enter the 

station 19 directly for foil application, this Is not 
essential. The described method may be executed 
Independently of a glass-production line or In other 
circumstances where It Is necessary to clean and heat 

30 the sheet of glass before It enters the foll- 
appllcatlon station 19. 
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Claims; 



^* A method of manufacturing an article, ±n which 

thermosetting organic powder-coating material is melted 
to fuse it into a layer ^ and a bond is made between the 
layer and a component that is to form part of the 
manufactured article by establishing contact between 
the layer and said component while the layer is in a 
melted condition and until the material is cured^ 
wherein followdLng the step of melting the powder 
material to fuse it into the layer and before the step 
of establishing contact between the layer and said 
component:, the temperature of the layer is reduced so 
as to retard curing of the layer between those i:wo 
steps • 

2- A method according to Claim 1 wherein the said 

reduction of temperature of the layer is sufficient to 
harden the fused material* 

3. A method according to Claim 2 wherein the 

temperature of the hardened layer is increased to re- 
melt the material prior to establishing contact with 
said component. 

^- A method according to Claim 2 wherein the 

hardened layer is brought into contact with said 
component prior to re-melting the material to establish 
said contact between the melted material and said 
component • 

5* A method of manufacturing an article, 

comprising the steps of forming a substantially 
solidified layer of fused, but uncured, thermosetting 
organic powder-coating material on a backing, and 
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establishing contact between the backed layer and a 
component that is to form part of the mahufactxired 
article, heat being applied to the layer to melt it and 
fulfil curing of the powder material while the melted 
layer is in contact with said component so that a bond 
is formed between the powder material and said 
component • 

6- A method according to Claim 5 wherein at least 

part of the heat required to melt the layer and cure 
it, is derived from heat of said component itself. 

7. A method according to any one of the preceding 
claims wherein the step of forming the fused layer is 
carried out remotely from the step of establishing 
contact with said component. 

8. A method according to any one of the preceding 
claims wherein said component is a sheet of glass. 

9. A method according to any one of the preceding 
claims wherein the fused layer of powder material has a 
backing of metal foil. 

10. A method accorddLng to any one of the preceding 
claims wherein a plurality of separate elements each 
comprising a substantially solidified layer of fused, 
but uncured, thermosetting organic powder-coating 
material on a backing, are formed, and the elements are 
applied to said component to bond them to it within 
<3lifferent regions of said component, the bonding of 
each element being effected by applying heat to the 
powder- coating layer of that element to melt it and 
fulfil curing of the powder material while in contact 
with said component. 

11. A method according to Claim 10 wherein the 
elements are overlapped with one another. 
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12* A method according to Claim 10 or Claim 11 

wherein the powder materials of different ones of said 
elements differ in pigmentations from one another. 

13. A method according to any one of the preceding 

claims wherein the thermosetting material includes a 
polyester resin. 



14. An element for use in a method according to 
any one of the preceding claims in which a 
substantially solidified layer of fused thermosetting 
organic powder-coating material is carried on a 
backing, wherein the powder- coating material is 
Incompletely cured. 

15. An element according to Claim 14 wherein the 
backing is of metal foil. 

16- An article manufactured according to the 

method of any one of Claims 1 to 13. 
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